Moroccan weather and climate are influenced by desert winds coming from South-East and by Atlantic advections. The annual cycle of seasonal average of aerosol optical depht shows similar values in Oujda and Saada and registers higher values in Ouarzazate, due to different weather conditions. The maximum values are recorded in summer near 0.25 (Oujda, Saada) and 0.34 (Ouarzazate). The seasonal average of the refraction index varies with the seasons, the component relating to scattering at 0.44 microns varies lightly in summer (1.48 -1.51) and the component relating to absorption varies (6.65×10 -3 -13.13×10 -3 ) with more higher values in Oujda. The single scattering albedo is almost constant for every season and indicates a very important trend in the diffusion which often exceeds 89% in summer. The asymmetry factors seem constant close 0.73 in summer indicating more forward scatter. The volume distributions show a mode of very fine particles around 0.015 μm and a much more important mode of large particles around 2.6 μm (annual average) that registers large amplitudes in spring and especially in summer (seasons penetration of desert dust across all regions by the advection of air masses mainly from Southeast Morocco). The annual average radiative forcing are relatively stable around -25.34 W/m 2 to bottom and -4 W/m 2 at the top of the atmosphere.
Introduction
Desert dust is highly damaging to health and have devastating effects on the environment, dust accumulations, reduced visibility and limitation of human activity (prohibition to go out) in extreme weather as severe storms. People living in desert areas particularly near the Sahara are familiar with property damages and protect their body with appropriate clothes. The first desert dust studies have mainly determining path, frequencies and intensities of these strong phenomena of desert climates. In the early 90's special interest is focused on the study of atmospheric aerosol. Aerosols have a confirmed large impact on regional climate and therefore on the global climate. Mineral dust emissions are second only to those oceanic with 3000Tg (up to 6,000Tg) per year [11] . Atmospheric aerosol characterization is a very important research axis to improve climate models and atmospheric studies. Atmospheric aerosol microphysics and optic parameters are still a major source of error in the estimation of climate change models, the evolution of the aerosol radiative forcing is still great uncertainty resulting from the large spatiotemporal atmospheric aerosol variations as well as its emission sources.
Morocco has a large desert territory (over 80%) including much of the Sahara, the largest source of terrestrial broadcast. This territory is the primary source of aerosol emission almost ubiquitous in the Moroccan atmosphere. Since 1997 several studies of the Moroccan desert aerosol were performed including two measurement campaigns: Oujda in summer 1997 [2] [3] [4] [5] [7] [9] and Ouarzazate and Tinfou (Zagora) in May-June 2006 [1] that allowed the wide determination of the physic-chemical characteristics of the emitted particles [13] and their dynamics and radiative properties [10] . Oujda campaign showed that the frequency of desert storms is very low with appearances in spring and especially in summer. The evolution of the concentrations of particles in the air (1996-2001) is variable depending on season and weather parameters, the highest average values are of the order of 200 µg m -3 observed in summer and spring, and the lowest at about 100 µg m -3 in winter and late fall [20] . SAMUM first phase campaign [1] was dedicated to the understanding of the radiative effects in the source region. A first joint field campaign to create the experimental data set of surface and atmospheric columnar information and closure tests in Saharan dust. The chemical composition of aerosols is highly variable and depend both from the source of particles and atmospheric dynamics. The mineralogical composition of the aerosol determined by X-ray diffraction indicates very large abundance silicates ( 
Sites and Instrumentation
The three AERONET / PHOTONS stations that exist in Morocco are indicated (Fig. 1) . Oujda is located 55 km from the Mediterranean coast, bordered to the north by the Beni Snassen Mountains. The sun photometer is seven meters above the ground at the Faculty of Science. Oujda region has a dry climate with a mild winter cold and hot summer with influence of desert air masses and Mediterranean breeze. Rainfall is erratic between 250 and 400 mm per year. Average annual temperatures vary between 15°C and 20°C. The maximum may exceed 40°C (July 12, 2011 with 45.7°C) while the minimum can be below 0°C (28 January 2005, -7.1°C). Ouarzazate, the site is associated with the weather station ( Figure 2 ). Ouarzazate is a small town with almost no industrial activity. It is located in the southeast of the Atlas and the northwestern Sahara. With a pre-Saharan climate characterized by low rainfall and hot and dry summer. The average maximum temperature is 40°C and the average minimum is 25°C (July). In January, the minimum and maximum average temperatures are respectively 2°C and 16°C. At night, the temperature can drop to -4°C. In spring, clouds with exceptional storms are rare. The desert winds frequent enough play an important role in the Ouarzazate climate. Saada, the photometer is located on the roof of a technical building (8m of height) in an orchard, in an irrigated plain. The site is 10 km to the west of Marrakech and 50 km to the north near the High Atlas Mountains. Marrakech is known by its hot summers. The sky is usually clear blue. In winter, mornings are fresh. At noon, temperatures reach 20°C and decrease quickly in the evening. The temperature difference between day and night is quite important. In summer, temperature may reach 45°C at midday.
The CIMEL Electronique CE318 radiometer makes two basic measurements, either direct sun or sky, both within several programmed sequences. The direct sun measurements are made in eight spectral bands requiring approximately 10 seconds. Eight interference wavelengths filters (Table 3) are located in a filter wheel which is rotated by a direct drive stepping motor. The 940 nm channel is used for column water abundance determination. Optical depth is calculated from spectral extinction of direct beam radiation at each wavelength based on the Beer-Bouguer Law. Attenuation due to Rayleigh scatter, and absorption by ozone, and gaseous pollutants is estimated and removed to isolate the aerosol optical depth (AOD). During the large air mass periods direct sun measurements are made at 0.25 air mass intervals, while at smaller air masses the interval between measurements is typically 15 minutes. In addition to the direct solar irradiance measurements that are made with a field of view of 1.2 degrees, these instruments measure the sky radiance in four spectral bands (440, 670, 870 and 1020 nm) along the solar principal plane up to nine times a day and along the solar Almucantar ( Figure 3 ) up to six times a day. The approach is to acquire aureole and sky radiances observations through a large range of scattering angles from the sun through a constant aerosol profile to retrieve size distribution, phase function and aerosol optical depth. More than eight Almucantar sequences are made daily at an optical air mass of 4, 3, 2 and 1.7 both morning and afternoon. Sky radiance measurements are inverted with the Dubovik and Nakajima inversions [6] to provide aerosol properties of size distribution and phase function over the particle size range of 0.1 to 5 μm. 
Aerosol Optical Depth and Angstrom coefficient
The aerosol optical depth (AOD), noted τa (λ) dimensionless quantifies extinction by aerosols of the incident radiation of atmospheric column I 0 (λ), both by absorption and diffusion. The direct sun measurements at ground level at each spectral channel I(λ) allow the determination of the total optical depth of the atmosphere ( ). Using the Beer-BouguerLambert law:
(1) Figure 1 . Oujda, Ouarzazate and Saada location sites m is the air mass determined with approximation formula [8] [14] . is derived from the total optical depth, taking in to account the Rayleigh depth corrected by local pressure P and due to absorption of O3, NO2, CH4 and H2O:
The AOD data at different wavelengths allow the determination of the Angstrom exponent (α) according to:
To determine the Angstrom exponent [12] , a linear fit of AOD versus wavelength in log-log scale is performed giving as result, a representative value for the considered spectral range. AOD is a key physical parameter for regional aerosol characterization. The study of the annual evolution of AOD allows us to analyze the changes in the type of aerosol and its concentration variations. AOD can reach very high values for sandstorm periods, it is common to observe aerosol optical thickness at 0.5 µm exceeding 2 up 4 above the African continent [15] . Table 3 (Table 3) . At Saada, a maximum peak is observed in summer 2013 (~ 0.26) corresponding to mixtures of atmospheric aerosol transported loads from desert Southeast Morocco and, to urban pollution and industrial facing the city of Marrakech especially in summer.
The annual cycle of the daily average of AOD for the three sites (Fig. 4) shows significant variability for large values (March to September) with the respective maximum values 1.5, 2.6 and 1.1 for Oujda, Ouarzazate and Saada that confirm the importance of the desert aerosol in summer and lesser degree in spring. While the low variability coincides with low values observed between October and February. 
Refraction index
The refractive index m reflects scattering and absorption particle capacities respectively represented by ( ) ( ) , m depends of the wavelength λ and the particle composition, it is written by a complex number:
In usual n(λ) varies in (1.33 to 1.6) and k(λ) varies in (0.0005 to 0.5). The determined average annual values are mentioned in Table 4 and show a relative seasonal constancy. For k largest seasonal values are observed in winter with a maximum of 44.32×10 -3 at Oujda. The recorded values of these indices are almost similar with those obtained by [13] . 
Single scattering albedo and Asymmetry factor
The single scattering albedo SSA reflects the importance of scattering in the estimate of the radiative effects of aerosols and it is defined as the ratio of the diffusion coefficient σ d (λ) and the extinction coefficient σ e (λ) of a particle, it measures the probability of diffusion of the intercepted photons by the aerosol particles:
σ a (λ) is the aerosol absorption coefficient.
Seasonal average of the SSA at 0.44μm varies according to the seasons, values represent a trend in the scattering that often exceeds 78% (Table 5) as it is the case in desert area [18] . The asymmetry factor g(λ) defined as the average value of the diffusion angle cosine (Θ) on all scattering directions can be calculated from the phase function P (Θ, λ) representing the angular distribution of scattered radiation at a given wavelength:
For total backscatter 180, g is -1, for an isotropic diffusion g is 0 and a total distribution in the direction of the incident radiation, g is 1. The atmospheric aerosol has always a positive asymmetry factor, which means that the greater part of the radiation is scattered forward. The greater the particle size, the scattering is forward (lower scattering angle) and thus the value of the asymmetry factor is closer to 1. Annual average asymmetry factor determined at 0.44 μm (2012 and 2013) varies between 0.69 and 0.75 (Table 6 ) and seasonal constancy variation is observed indicating stability and important forward scattering. 
Volume particle size distribution
Atmospheric aerosol is characterized by numeric distribution of particle size from which its volume distribution can be deduced. Various photometric measurements allowed the determination of the volume distribution between 0.05 and 15 μm [2] especially for the desert aerosol. The determination of the volume distribution of atmospheric aerosol defined by equation (7) is obtained by Fredholm equation inversion of optical thicknesses with discretization spectrum in 22 points covering the range of variation of both fine and coarse modes [6] : 
σf standard deviation for fine particles and σc for coarse particles, rm,c mean radius for big particles and rm,f for fine particles, Cf amplitude of fine mode and Cc for coarse mode. The volume distributions have the same look for all three sites with median radii around 0.15 μm for fine particles and in the vicinity of 2.59 μm for big particles. However there is a slight increase in the concentration of large particles in Saada especially in summer and low concentration for fine mode at Ouarzazatte which may be explained by the low human activity emissions. 
Aerosol radiative forcing
The aerosol radiative forcing (W/m 2 ) expresses any change in the net radiative flux (usually at the top of the atmosphere) due to atmospheric aerosols. ARF can be quantified either at the top of the atmosphere (TOA, z = 120 km) or at the bottom (BOA, z = 0) according to equation:
By distinguishing the amount flux F ↑ (visible + infrared) and the down flux F ↓ (visible + infrared). Indices ( ↑ 0) and ( ↓ 0) correspond to the flux determined without aerosols, case of clear sky. Clean non-aerosol atmosphere is characterized by a maximum global irradiance and minimal diffuse irradiance or lower optical thicknesses.
Aerosols (direct and indirect effect) generally exert a cooling effect. The aerosol radiative forcing depends of aerosol intrinsic properties but also of the air relative humidity and the ground albedo [15] . At the ground surface, the incident solar flux varies according to latitude, season and time. It undergoes daily and seasonal changes due to two cycle rotations, the planet on its polar axis and around the sun. These two rotations define the cycle of the incident radiation to the ground surface. At the top of the atmosphere, for the coarse mode, the effects of Mie scattering are subtractive, while at bottom of the atmosphere these effects are additive [12] . For purely scattering aerosol direct radiative forcing at the top of the atmosphere is close to 0 and negative at ground surface. The desert aerosols and some organic carbons transform absorbed energy by an adiabatic heating of their environment (positive aerosol radiative forcing). In this case, the radiative forcing at bottom can be two to three times greater than that exerted at top of the atmosphere. [19] showed a general trend towards regional cooling at bottom as well as at top of the atmosphere. 
Conclusion
Monthly averages of aerosol optical thickness confirm the importance of the influence of the desert aerosol with relatively high values in summer and lesser degree in spring. Daily average values of Angstrom coefficients α (2012 and 2013) vary between 0.01 and 4, low values which characterize large particles indicating the presence of mineral dust are observed more in summer. For the refractive index at 0.44μm, the highest values recorded for the real and imaginary parts are respectively 1.51 (Saada, 2013) and 44.32 × 10 -3 (Oujda, 2013), they indicate the importance of diffusion and absorption phenomena of radiation that also appear in winter. Seasonal average of the single scattering albedo at 0.44μm, show a significant trend in the scattering close to 90% except on winter (Oujda, 2013). Asymmetry factor values are especially greater than 0.69, light is mainly scattered forward. The volume mean distributions of the aerosol are characterized by a coarse mode in the vicinity of 2.59 μm and a fine mode of lesser importance at 0.16μm. The trace of the presence of the desert aerosol regularly emitted from the South and South-East of Morocco is confirmed in all observed aerosol optical parameters summarized on Table 9 with a greater occurrence in spring and especially in summer. 
